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;54' Laminated carrier film for use in ceramic green sheet. 



A lanninated can-ier iv\r\ for use n a cerami: 
green sheet. (A) wh ch comprises a core layer 
^ormed of an addition polymer, two support 
ayers formed of a polyester and mountec at the 
side of both surface.^ of the core layer, and two 
release layers laminated on outer surfaces cf 
'he two suppor layers, and (B) in which at least 
one of two achestons between the core laver 
anc the two su^Dport ayers is 0.8 to 8 g 25 mm 
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Detailed Description of the Invention: 

This invention relates to a lanninated carrier film 
for use In a ceramic green sheet. More specifically, 
this invention relates to a laminated carrier film which 
is useful for simultaneously producing two thin cer- 
amic green sheets. 

A ceramic green sheet which is used for the pro- 
duction of a multilayered ceramic substrate, a lamin- 
ated ceramic capacitor, etc. is generally produced as 
follows. That is, a container with a doctor blade is 
mounted on a carrierf ilm fomned of a plasticf ilm (e.g., 
a polyester film, a polypropylene film and a polyme- 
thylpentene film) alone or a carrier film in which a sil- 
icone coating is formed on one surface of said film. A 
predetermined amount of a slurry (slip) containing a 
ceramic powder, a plasticizer, a binder and the like is 
then injected into the container. When the carrier film 



two thin ceramic green sheets. 

A further object of this invention is to provide a 
laminated carrierf ilm for use in a ceramic green sheet 
which is easily peeled off from the laminated surface, 
5 and which is suited to produce a green sheet by a dip- 
ping method. 

The other objects and advantages of this inven- 
tion will be made clearfrom the following explanation. 
In accordance with this invention, the above ob- 
10 jects and advantages of this invention can be ach- 
ieved by a laminated carrier film for use in a ceramic 
green sheet, 

(A) which comprises a core layer formed of an ad- 
dition polymer, two support layers formed of a 
15 polyester and mounted at the side of both surfac- 

es of the core layer, and two release layers lam- 
inated on outer surfaces of the two support lay- 
ers, and 




tween the doctor blade and the film is continuously 
formed on the carrier film. When the green sheet is 
dried with hot air or through an infrared heater, a com- 
plete green sheet is formed. In this method, since 
mechanical characteristics, flatness and the like of 
the carrier film can be utilized in the taking up of the 
green sheet and in the post treatments such as elec- 
trode printing and cutting, there is an advantage that 
the green sheet can be thinned. However, said meth- 
od involves problems such as a low productivity and 
a high cost. 

On the other hand, in order to improve the pro- 
ductivity of the ceramic green sheet, a dipping meth- 
od is also used which comprises dipping a carrier film 
in a container containing a slurry composed of a cer- 
amic powder, a plasticizer, a binder and the like, lev- 
elling the slurry coated on both surfaces of the carrier 
film in drawing it up to have a fixed thickness, using 
a quantitative comma roll or the like, and then drying 
the resulting coated film with hot air or through an in- 
frared heater to form a green sheet. However, in this 
method it is required to peel off the green sheet from 
the carrier film at an outlet of a drier and to take up 
only the green sheet, and a strength or a flatness of 
the green sheet per se is utilized in the subsequent 
treatments such as electrode printing and cutting. 
Accordingly, there are problems that it is difficult to 
thin the green sheet which can scarcely respond to 
the recent requirement of thinning the green sheet. 

It is an object of this invention to provide a lamin- 
ated carrier film for use in a ceramic green sheet. 

Another object of this invention is to provide a 
laminated carrier film for use in a ceramic green sheet 
which is suited to produce a thin green sheet with a 
high productivity. 

Still another object of this invention is to provide 
a laminated carrier film for use in a ceramic green 
sheet which is useful for simultaneously producing 



is 0.8 to 8 g/25 mm. 

Examples of the addition polymer constituting 
the core layer in this invention include polyethylene, 
polypropylene, poly-4-methylpentene-1 , polyvinyl 
25 chloride and polyvinylidene chloride. Of these, poly- 
ethylene is most preferable from the aspects of lam- 
ination characteristics and mechanical characteris- 
tics. 

The thickness of the core layer is preferably 2 to 
30 50 ^m, more preferably 10 to 40 |j.m. 

As the polyester constituting the two support lay- 
ers mounted at the side of both surfaces of the core 
layer, a polyester comprising an alkylene terephtha- 
late and/or an alkylene naphthalate as main compo- 
35 nent(s) is preferably used. 

Preferable examples of the polyester include 
polyethylene terephthalate, polypropylene terephtha- 
late, polybutylene terephthalate, polyethylene-2,6- 
naphthalate. and a polymer in which at least 80 mol% 
40 of the whole dicarboxylic acid component is tereph- 
thalic acid and/or 2,6-naphtha!enedicarboxylic acid 
and at least 80 mol% of the whole glycol component 
is polymethylene glycol having 2 to 6 carbon atoms. 
On that occasion, the dicarboxylic acid which occu- 
45 pies not more than 20 mol% of the whole acid com- 
ponent is an aromatic dicarboxylic acid other than ter- 
ephthalic acid and/or 2,6-naphthalenedicarboxylic 
acid. Examples of such aromatic dicarboxylic acid in- 
clude isophthalic acid, biphenyldicarboxylic acid, di- 
sc phenyl ether dicarboxylic acid, diphenylethane dicar- 
boxylic acid, diphenylsulfonedicarboxylic acid, and di- 
phenyl ketone dicarboxylic acid; aliphatic dicarboxylic 
acids such as adipic acid, and sebacic acid; and ali- 
cyclic dicarboxylic acids such as cyclohexane-1 ,4-di- 
55 carboxylic acid. Examples of the glycol other than the 
main glycol, which occupies not more than 20 moiy© 
of the whole glycol component, include ethylene gly- 
col, trimethylene glycol, tetramethylene glycol, pen- 
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tame:hy ene glycol, he> amethylene glycol, and de- 
camethvlere gly-";ol. alicyclic glycos sucn as cycle- 
hexane dirr-ethanol, arctnatic dicis such as hydroqui- 
ncne. resorcin, and 2.2-bis(4-hydroxyDheny )pro- 
pane. aliphatic diols having an arorratic ring, such as 5 
1 ,4-dihydroxymethyibenzene. and polyalkylene 97- 
cols (po yoxyalkytene glycols) suc^~ as polyethylene 
glycol, polypropylene glycoL anc pclytetrameth/lene 
glycol. 

The pclyester in this inven:ior also includes a 
polyester contain ng a component denvec from a hy- 
croxycarboxylic acid, e.g., an aromatic hydroxy acid 
scch as hydroxyt' enzoi: acid or an aliphatic hydroxy 
acid such as ( i-h vdroxycaprO'C acic, in an amount of 
2C mot^'o or less based on the total amount of the di- 
carbcxylic acic component and the hydroxycarboxylic 
acid component. 

Further, the polyester 'n this invention includes a 
copolymer comprising a component cerivec from a 
trifurctional or higher polycarboxyhc acic or polyhy- 2C- 
droxy compound such as trimellitic acid or pentaery- 
thrito in such an amount that the Dol/ester is substan- 
tially linear, e g.. 2 mol''o or less based on ihe to:al 
arnocnt of ttie acid corTiponents. 

Saic polyester is known uer se and can be pro- 25 
duced Lty a method known per se. 

The above polyester has an intrinsic viscosity, 
measured at 35 C ir a solution of o^chlorophenol, of 
preferably about OA :o 0,8. more preferably 0.5 to 0.7. 
especially preferably 0.55 to 0.65. 

Sucn a polyester can contain additives to improve 
propert'os of a film. For example, inorganic particles 
of calcium carDonate. kaolin, silicon oxide or barium 
sulfate or prec^pitated particles formed from a residue 
of a catalyst used tc form the polyester are incorpo 35 
ra:ed to form ""me protrusions on the surface of the 
f ilm or improve a lubncity of the f Im Further, it is pos- 
sible :o con:air ar^ antistatic agent such as sodium do- 
decvtsul^onate. and a pigment such as ^lO^^ or SiOj as 
a hue adjusting agent. A polyester not containing su.^h 4(. 
acdit ves is naturally available. 

The support layer formed of this polyester is pre- 
leran y a biaxiallv oriented polyester film. The hiaxial- 
ly oriented polvester film can oe produced by a methi- 
oc known so far, for example, by drying the polyester, 45 
then melting tne dried polyester, extruding the melt 
onto a rotary -zoolinc drum ^rcm a d e (for example, 3 
T- die or an bdie ) rapidK' cooling the extrudate tc form 
ar unsiretched *ilm, ard biaxial y stretchinq the un- 
stretched filrr-., fo lowed by thermosett nq The :hick- ^. 
ness of the film is not part cularly limited, it is prefer- 
at:ly 2 tc 1 00 viW. 

The two support layers can be directly mounted 
o-^ both surfaces of the core layer, or indirectly mount- 
ec on the sur*a :e of the core laver via ether layers 
Z'le^e'^'. jn tne surfa'Zes oHhe core :a\er, 

Ti^^ I a ri!''^ a ted earner fHm 0^ t"^i? indention h^s 
■AO release I avers on me respect :ve outer surfaces o^ 
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the two supoort layers. 

The release layer in this invention is preferably a 
Silicone release ^ayer. The release layer can be 
roughly grouped into a release layer to an organic sol- 
vent-based ceramic slurry and a release layer to an 
aqueous ceramic slurry. 

In the forn^iation of the release layer to the organ c 
solvent-based ceramic slurry, it is adv sable to use, 
as a release agent, a thermosetting silicone com- 
posed main y oi dimeth/lpolysiloxane ;e.g.. <S-776 
and KS-S47 supplied by Tre Shin-e:su Chemical In- 
dustry Co.. Ltd.. and TFR-6700 supplied by Toshiba 
Silicone K.K, ), 

In the forrr^ation of the release layer to the aqu- 
eous ceramic slurry, it is adv sable to use. as a re- 
lease agent, a silic:one release agent comprising iji- 
methyl polysiioxane and silica fine particles con- 
tained therein (e.g.. SD-7230 and SD-7320 supplied 
by Toray Dow Corning Silicone K.K.) or a modified sil- 
icone obtained by adding 1 to 1C % by weight of di- 
methyl polysiio>ane hav ng a phenyl-substituted alkyi 
group at the terminal of tne oolymer to a mixture of an 
a!k/d resin and a melamine resin (e.g.. ,X-62-9022. 
KS-883 and KS-881 supplied by The Shin-etsu 
Chemical Industry Co.. Ltd,), in order to itTiprove wet- 
tiny properties of the surfdce. 

The release agent can be coated on the surface 
of the support layer(s) formed of the polyester by spin 
coating, spray coating, bar coating, gravure coating, 
reverse coating or comma coating. It is advisabe to 
conduct the: coating such that the dried film has a 
thickness of 0.05 to TO .im. 

The earner film of this invention has a structure 
that as described above, the polyester ayers are 
mounted at the side of both surfaces of the core layer 
and the release layers are further lam'oated on the 
polyester layers. At least one of two adhesions be- 
tween tne core layer anc tne two support layers is 0.8 
to 8 g/25 mm , [raeferably 2 tc 6 g/25 mm. The adhes on 
IS measured as a peel strength and shown by the yal- 
□ e of the pee! strength When the adhesion is lower 
than 0.8 g,'25 mm. the support layer is naole to be 
peeled off frorr. the core la/er during the handling of 
the carrier f I iTv OrMhe other hand, when the adhesion 
IS h igher than 8 g'25 r^m. the support layer can hardly 
be peeled off from the core la>er in a state where the 
qreen sheet has be^n formec on the release layer, 
wh oh IS unde'Sirat)le In aeneral. it s adv saale t^^at 
the achesio" (pee strength) between the core laver 
and the suppcit layer is lower by at least 1 q 25 mm 
than the adhesion < peel strengtn) Detween the re- 
lease layer anc the green sheet. 

It IS advi-able that both of two adhesions be- 
tween the core laver and the :wc support layers ue 
0.8 to 8.0 G 25 mrn. As to tne value of the adhesi-jn, 
at least one of two adnes!;):^s between the core layer 
and the two su::'port savers 's 1 to 8 g 25 mm 

It IS eas !y uncerstanoacie that vv-nen tne support 
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layer is indirectly mounted on the surface of the core 
layer via other layer, the adhesion between the core 
layer and the support layer can be replaced with eith- 
er the adhesion between the core layer and other lay- 
er or the adhesion between the support layer and 
other layer. 

The carrier f iinn of this invention can be produced 
as follows, for example. 

First, a coating solution of a release agent is coat- 
ed on one surface of a biaxially oriented polyester 
film, and then dried to form a polyester film (release 
film) having the release layer laminated on one sur- 
face thereof. Then, two such release films are used. 
An addition polymer is coated on the reverse surface 
(non-release surface) of one of the above two release 
films and dned, and the other release film is adhered 
to the dried, coated surface such that the release sur- 
face of the film is arranged outside, to form a carrier 



and then the ceramic slurry excessively coated on the 
carrier film is levelled with a metallic bar or a doctor 
blade to a uniform coating thickness while drawing up 
the carrier film. The thus-obtained carrier film is dried 
5 with a drier to evaporate the solvent, whereby a green 
sheet is obtained. 

The obtained green sheet is for example, sepa- 
rated from both surfaces of the core layer at the outlet 
of the drier to form two green sheets each of which is 
10 supported by each of the two carrier films. Or the 
green sheet is once taken up at the outlet of the drier 
and separated again from both surfaces of the core 
layer to form two green sheets each of which is sup- 
ported by each of the two carrier films. 
15 Since the carrier film of this invention undergoes, 

as stated above, the step of coating the ceramic slur- 
ry, the drying step, the peeling step and the taking- 
up step, it has, needless to say, the mechanical char- 



polyester film layers. 

In the other method, the above two release films 
are used. An addition polymer is melt-extruded onto 
a reverse surface (non-release surface) of one of the 
release films for lamination. Immediately thereafter, 
the other release film is adhered to the laminated sur- 
face such that the release surface of the film is ar- 
ranged outside, and the laminate is then cooled to 
form a carrier film. Said carrier film has usually no dif- 
ference in adhesion to the core layer between the two 
polyester film layers. In this method, the adhesion be- 
tween the core layer and the polyester film layers can 
be controlled by the molecular weight of the addition 
polymer of the core layer or the melt-extrusion tem- 
perature. For example, when the core layer is formed 
of p>oly ethylene, it is advisable that polyethylene Is 
melt-extruded at a temperature of 250 to 260°C and 
laminated onto the reverse surface of the polyester 
film. When the extrusion temperature is too high, the 
adhesion (peel strength) tends to increase. On the 
other hand, when the extrusion temperature is too 
low, the adhesion (peel strength) tends to decrease. 
Further, when polyethylene is of a low molecular 
weight, the adhesion to the polyester layer increases. 
On the other hand, when polyethylene is of a high mo- 
lecular weight, the adhesion to the polyester layer de- 
creases. 

The whole thickness of the carrier film of this in- 
vention is preferably 25 to 1 50 nm. 

Examples of the ceramic slurry which is coated 
on the carrier film of this invention include anorganic 
solvent-based slurry containing barium titanate, poly- 
vinyl butyral and toluene-ethanol as a solvent, and a 
water-based slurry containing barium titanate, a wa- 
ter-soluble acrylic resin and starch. 

The ceramic slurry is generally coated on both 
surfaces of the carrier film as follows. The canrier film 
is dipped in a container containing the ceramic slurry. 



as thin as possible and as soft as possible. A hard rig- 
id polymer layer is peeled off from the core layer dur- 
ing the use, and the film becomes unusable. This is 
undesirous. 

25 It is understandable that as stated above, this in- 

vention provides also a ceramic green sheet on a car- 
rier film comprising the laminated carrier film of this 
invention and the two ceramic green sheet layers 
laminated on the two release layers of the laminated 

30 carrier film. 

On that occasion, it is advisable that the adhesion 
between the release layer of the laminated carrier 
film and the ceramic green sheet layer is equal to, or 
a bit higher by at least 1 g/25 mm than, the adhesion 

35 between the core layer and the support layer of the 
laminated carrier film. 

In accordance with this invention, there can be 
provided a carrier film useful for simultaneously pro- 
ducing two high-performance thin ceramic green 

40 sheets. This ceramic green sheet is advantageously 
formed into, for example, ceramic electronic parts by 
printing an electrode on its surface, and conducting 
lamination and sintering. 

This invention will be illustrated in more detail by 

45 referring to the following Examples and Comparative 
Example. 

Example 1: 

50 (1) A thermosetting silicone (KS-847, a trade 

name for a product of The Shin-etsu Chemical In- 
dustry Co., Ltd.) was coated on one surface of a 
polyester film (Tetron Film S, a trade name for a 
product made by Teijin Limited - 25 |im) to a dry 

55 thickness of 0.2 \xxr\ to form a release film whose 

one surface was subjected to the release treat- 
ment. 

A high-density polyester (density 0.956 g/cc; 
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MI8 5. a trade rame for a procuc* of M tsubishi 
C hemical Industries Ltd.) was extruded on the re- 
verse surface (non-reiesse surface; of the re- 
lease film to a thickness of 25 Lim at a molten res- 
ifi tennperature of 250 to 260 C, Then, the reverse 
surface of the other release film was quicklv con- 
tacted with the polyesterf Im anJ adhered thereto 
with a 30oling pressure roll to obtain a lamnate 
having the release layers or^ both surfaces (ear- 
ner film), ^he pee. strength between the polyest- 
er surface and the polyethylene surface of the 
iaminate was 2 g/25 mm to 3 g/25 mm. 
(2) A ceramic s urry was prepared by charging 
1 00 parts by weight of a ceram c powder of bari- 
um titanate, ^2 parts by weight of polyvinyl buty- 
ral, 8 parts by weight of ctbutyl ph'.halate and 20 
parts by weight ot roluene-ethyi alcohol in a ball 
mil! and thoroughly kneadmg them. 

The thus-obtained slurry was charged in the 
container and the above lafiTinated fi m was dip- 
ped therein Then, while drawing up the film 
whose both surfaces had been coated with the 
slurry, the surfaces of the fnm were levelled wlh 
a metallic Dar, and dned at 1 OO C for 4 minutes to 
obtain a ceramic green slieet. 

The green slit;et was smoothlv peeled off be- 
t A'een the poiyester film layers .^nd the polyethy- 
lene layer to give two green sheets with the po y- 
ester films. The peel strength between the cer- 
amic green sheet and the release layer surface 
was 5 g/25 n^m to 6 g/25 mm. 



in a ball mill and thorough y kneadng them. 

The thus-obtaired slurry was charged m the 
container and the above lam na:ed film was dip- 
ped tnerein. Then, wh le drawing up tne film 
wnose both surfaces had been coated with the 
slurry, tne surfaces of the f iln were level ted with 
a me:all c bar, and dnec to obtain a ceramic green 
sheet. 

The green sheet was smoothly oeeled off be- 
tween the polyester f ilr^ layers and the polyethy- 
lene ayer to give two green sheets with the poly- 
ester films. The peel strength between the cer- 
amic greer sheet and tne re ease layer surface 
was 1 2 g.'25 mm. 

Comparative Example 1 

Example 2 was repeated except that when a low- 
density polyethylene was extruded on the reverse 
surface of the film whose one surface was subjected 
to the release treatment as in Example 2, the molten 
resin temperature was 320 0. At this time, the peel 
strength Detween the polyester surface and the poly- 
ettiylene surface was 10 g/25 mr^i. 

A ceramic slurry was cualed un the lannnate in 
the same mannt;r as in Exdrtipie 2. and dried to obtain 
a green sheet. 

When the green sheet was peelec off between 
the polyester film laver and the pQiyethyiene layer, 
the delaminaticn occurred in ma^y portions between 
the green sheet and the polyester f Im surface, and 
the post treatment was impossible. 



Exaniple 



( 1 ) A modified silicone (K 62 9C 2 2. a trade name 
for a product of The Shin-etsu Chemical Industry 
C o., Ltd. ) was coated on one surface of a po y est- 
er ft m .Tetron F Im S, a traoe n^rrie for a proocct 
of Teijin Limited - 25 am) to a dry thick ness of 0.2 
L:m 'c prepare a r^^lease film- wr.ose one surface 
was suojected to the re-ease tr^^atment 

A high-density polvethylere (density O.'^IR 
Q'cc: MI6.5. a trade name for a r.roduct o^ Unitika 
I td . : was e> truced on the reve'se surface (non- 
reiease surface) of the release film to a thickness 
of 25 Lim at a molten resin temperature of 250 to 
260 C . Then, the reverse surfa.re of the other re- 
lease f ilm was quickly contacted with the film and 
adhered thereto with a coolmq pressure roil to ob- 
tain a laminate having the release lavers on bcth 
surfaces (carrier film) The peel strength be- 
tween the polvester surface anc tne polyethylene 
surface of the laminate was 5 c 25 mm to 6 g"25 
mm. 

(2) A ceramic s urry was preparea t'y charging 
'00 parts by weight of barium -jtanate. 12 Darts 
hv eight of a water-soluble a:r\iic polvmer, 8 
parts by weight of po'vethyiene givcoi and water 



35 Claims 

1 . A aminated carrier f Im for use in a ceramic green 
sheet, 

(A) which composes a core layer formed of an 
4, addition polymer, two support layers formed 

of a polvester ani mounted at the side of ooth 
surfaces of the core Iqyer, anc two release 
layers lam nated on outer surfaces of the two 
su pport layers, and 
45 (B) in whicn a: least one o^ two adhesions be- 

tween tne core layer and the two support lay- 
ers IS 0 8 to 8 g'25 mm. 

2. The laminatec earner f Im c-f cla m 1 wherein the 
addition polvmer o^ the ;ore layer is selected 
from the group consisting of po yethy ene, polv- 
propvlene. poly-4-methyipentene- 1 , polyvinyl 
chloride and polyvirylidene chloride, 

3. The latTiinatec earner ^ im o* cla m 1 wherein the 
support laver is formec of an ar:)matic polyester 
in whic^ a n^a^n d icart- ox vie: acid component s 
terepnt^ai iL^ a:ia or 2.r- napntnaiered carboxyl c 
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acid and a main glycol connponent is polymethy- 
lene glycol having 2 to 6 carbon atoms. 

4. The laminated carrier film of claim 1 wherein the 

release layer is formed of a silicone resin. 5 



5. The laminated carrier film of claim 1 wherein the 
two support layers formed of the polyester are di- 
rectly mounted on both surfaces of the core layer. 

6. The laminated carrierfilm of claim 1 wherein both 
of the adhesions between the core layer and the 
two support layers are 0.8 g/25 mm to 8.0 g/25 
mm. 

7. The laminated carrierfilm of claim 1 wherein at 
least one of two adhesions between the core lay- 
er and the two support layers is 1 to 8 g/25 mm. 



10 
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thickness of the core layer is 2 to 50 i^m. 

9. The laminated carrier film of claim 1 wherein the 
thickness of the support layer is 2 to 1 00 ^m. 

10. The laminated carrierfilm of claim 1 wherein the 
thickness of the release layer is 0.05 to 1 ^m. 



25 



11. The laminated carrier film of claim 1 which has 

the whole thickness of 25 to 150 ^m. 30 

12. A ceramic green sheet on a carrier film compris- 
ing the laminated carrier film of claim 1 and two 
ceramic green sheet layers laminated on the two 
release layers of the laminated carrier film. 35 



13. The ceramic green sheet on the carrier film of 
daim 12 wherein the adhesion between the re- 
lease layer of the laminated carrier film and the 
ceramic green sheet layer is higher by at least 1 40 
g/25 mm than the adhesion between the core lay- 
er and the support layer of the laminated carrier 
film. 



45 
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